Although long-lasting behavioral memories have long been thought to require equally persistent molecular changes, little is known about the biochemical underpinnings of memory storage and maintenance. Increasing evidence now suggests that long-term behavioral change may be associated with epigenetic regulation of transcription in the central nervous system. In this review, we present evidence that changes in DNA methylation contribute to memory formation and maintenance, consider how DNA methylation affects readout of memory-related genes, and discuss how these changes may be important in the large-scale context of memory circuits. Finally, we discuss potential challenges involved in examining epigenetic changes in the brain and highlight how epigenetic mechanisms may be relevant for other cognitive processes.
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Introduction -the need for self-perpetuation in memory
A critical component of behavioral memory is its persistence over time despite the perpetual turn-over of cellular proteins and the formation of new associations and new memories. When considered in the context of molecular mechanisms that control neuronal function in memory-related neural circuits, this capacity is not trivial. In fact, to understand the neural substrates of learning and memory, we must first understand how single molecules or groups of molecules in the brain can store information across time despite the relatively rapid turnover of every protein within a cell (Mammen, Huganir, & O'Brien, 1997; Price, Guan, Burlingame, Prusiner, & Ghaemmaghami, 2010) . At the molecular level, the perpetuation of a specific activation state that contributes to cellular memory requires that individual molecules have the ability to self-perpetuate a given type of activity despite turnover and in the absence of the stimulus which initiated that activation state. This has been hypothesized to occur via a specific type of biochemical reaction in which the active or mnemogenic form of a molecule is able to autoconvert a nascent form of itself into an active form. This type of reaction has long been hypothesized to underlie memory (Bailey, Kandel, & Si, 2004; Crick, 1984; Lisman, 1985; Roberson & Sweatt, 2001) , making the search for a molecule capable of autoconversion a critical step in elucidating cellular as well as systems-level memory storage.
Searching for self-perpetuating molecular activity: the case of CaMKII
The historical search for a molecular storage device for longterm memory is perhaps best encapsulated by the story of Ca 2+ / calmodulin (CaM)-dependent protein kinase II (CaMKII). As its name implies, CaMKII is activated by calcium ions as well as calmodulin. When activated, CaMKII alters its physical structure, such that the catalytic domain (which contains the substrate binding site) can become active (see Fig. 1 ). Increased synaptic calcium causes CaMKII to translocate to postsynaptic sites, where it can bind to the NMDA receptor, placing it in an ideal location to regulate synaptic strength (Bayer, De Koninck, Leonard, Hell, & Schulman, 2001; Leonard, Lim, Hemsworth, Horne, & Hell, 1999) . However, in the case of very strong synaptic stimulation, prolonged activation by calcium also allows a site on the inhibitory domain of CaMKII to undergo phosphorylation at threonine-286 by a nearby subunit (Rich & Schulman, 1998) . This phosphorylation prevents the inhibitory subunit from binding to the catalytic domain, effectively increasing the duration of CaMKII activity. Moreover, because this site can continue to be phosphorylated by neighboring subunits within the holoenzyme in the absence of Ca 2+ /calmodulin, CaMKII also essentially possesses a unique form of ''autonomous'' activity in which the catalytic domain can remain in an active state in the absence of the initial stimulus (Lisman, Schulman, & Cline, 2002) . In essence, this auto-activation would conceptually serve as a cellular memory trace by which the previous calcium stimulation is ''remembered''. This type of autophosphorylation event has long been proposed to underlie the molecular storage of memory in part because it can outlast the
